Abstract Many efforts by peanut breeders and reseachers have been made to develop high-oleic peanut cultivars because of not limited to their storage stability but also health benefits by oleic acid. Here, we characterized physicochemical properties and sensory attributes of a novel high-oleic peanut oil cultivar (K-Ol; Arachis hypogaea ssp. Fastigiata L.); properties of this cultivar were comprehensively analyzed and compared with two conventional peanut cultivars, Daekwang, and Jopyung. As results, the K-Ol cultivar represented a significantly higher ratio of oleic acid and linoleic acid than conventional cultivars. Further, the K-Ol dramatically increased oxidative stability and oxidation induction time compared to conventional oils. However, we noted no significant difference in physical properties, and the K-Ol showed the lowest total tocopherol content and antioxidant capacity, suggesting that oxidative stability of the K-Ol is likely contributed by the high-oleic acid content. In sensory attributes analyses using electronic nose, overall flavor values were higher in the K-Ol except for the strength. The taste scores of K-Ol measured by electronic tongue were fairly distributed to all tastes compared to conventional cultivars. This study provides important characterization data of the peanut oil, from the high-oleic peanut cultivar; further investigations are warranted with regard to its potential health benefits as well as industrial applications of this stable edible oil.
Introduction
A number of sources have reported the health benefits of peanuts. For instance, three large cohort studies demonstrated that peanut consumption was inversely associated with cardiovascular disease mortality [1] . Another report from the Nurses' Health Study showed that the risk of coronary artery disease was reduced by 34% when peanuts were consumed more than twice a week [2] . In addition to the health benefits of peanuts per se, many studies reported bio-activities and health-promoting effects of peanut oils and their constituents (e.g., anti-cancer [3] , anti-cardiovascular diseases [4] , and anti-diabetes [5] ). However, a major concern of oils or oil-abundant products is lipid oxidation which lowers nutritional and sensory qualities and further induces lipid peroxidation [6] . The oxidative Ho-Jeong Lim, Da-Som Kim, and Jeong Hoon Pan contributed equally to this work.
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Electronic supplementary material The online version of this article (doi:10.1007/s13765-017-0324-6) contains supplementary material, which is available to authorized users. stability of oils depends on the amount of unsaturated fatty acids and antioxidants as well as the storage conditions. Therefore, considering that fatty acid composition is critical to the quality of peanut products including shelf life, flavor, and nutritional values [7] , and improving varieties of peanut oils with modified fatty acid compositions will increase its quality.
Fatty acid composition in conventional peanut oil is mostly unsaturated fatty acid (80%) in which oleic acid (monounsaturated fatty acid; 43-83%) and linoleic acid (polyunsaturated fatty acid; 1-37%) are the two major unsaturated fatty acids. Oleic acid is not only a biologically active fatty acid, but also prevents oxidation and thus oil rancidity [8] . In that regard, a novel peanut cultivar (i.e., KOl; Arachis hypogaea ssp. Fastigiata L.), recently developed by the National Institute of Crop Science of South Korea, is noteworthy because these cultivar seeds contain more than 80% of oleic acid [9] . It is generally accepted that the shelf life of high-oleic peanut oil is longer compared to that of conventional peanut oil [8] ; however, to the best of our knowledge, K-Ol has not yet been characterized. Here, we comprehensively analyzed physicochemical and sensory properties of the K-Ol cultivar; specifically, in fatty acid composition and tocopherol contents, oxidative stability was measured and then compared with conventional peanut cultivar oils (i.e., Daekwang, and Jopyung). Further, sensory attributes of these cultivars were characterized using electronic nose (e-nose) and tongue (e-tongue) systems.
Materials and methods
Peanut oil from the K-Ol was characterized and its physicochemical and sensory properties were analyzed. Detailed information is provided in the supplementary materials.
Results and discussion
The present study characterized physicochemical properties of a novel high-oleic peanut oil cultivar in comparison with two conventional peanut oil cultivars (i.e., Daekwang and Jopyung). In addition, their sensory attributes were compared using e-nose and e-tongue. First, we profiled the fatty acid composition and tocopherol contents and then compared with the conventional peanut oil cultivars ( Table 1) . As results, the Daekwang had the highest total oil content, followed by K-Ol and then Jopyung (Table 1) . Of note, there was a dramatic difference in the ratio of oleic acid and linoleic acid (O/L ratio) between the conventional cultivars and the K-Ol cultivar. The O/L ratio in K-Ol cultivar (43%) was approximately 16-20 times higher than that of the conventional cultivars (2.68% in Daekwang and 2.16% in Jopyung). The collective results suggest that K-Ol cultivar might possess a better oil quality given that the higher O/L ratio correlates with the oxidative stability-related parameters [10] .
In addition to the fatty acid composition, contents of four different tocopherols (a-, b-, c-, and d-tocopherols) were analyzed ( Table 1 ). The Daekwang cultivar showed the highest amount of total tocopherol content among all of the cultivars. In the conventional cultivars, c-tocopherol was the most abundant among the four tocopherols. On the other hand, a-tocopherol was the most abundant tocopherol in K-Ol cultivar. As tocopherols are the major lipophilic antioxidant in peanut oils, antioxidant capacity was compared by measuring DPPH radical scavenging capacity. A stronger radical scavenging capacity was observed in conventional cultivars (Daekwang and Jopyung) compared to that of K-Ol cultivar (Table 1) . Specifically, the Daekwang cultivar (58.64 ± 0.42%) showed the highest antioxidant capacity followed by the Jopyung (56.70 ± 0.19%) and the K-Ol (49.86 ± 1.20%), which is in agreement with tocopherols contents.
Physicochemical properties of peanut oils were analyzed via a variety of assays [e.g., color, viscosity, oxidation induction time, acid value (AV), para-anisidine value (p-AV), and peroxide value (POV)]. For the color and viscosity measurements, there was no difference among the tested cultivars (data not shown). As the oxidative stability, the induction time of Daekwang and Jopyung cultivars were 12.84 ± 0.93 and 6.41 ± 0.15 h, respectively (Table 2) . Interestingly, the induction time of K-Ol cultivar (40.51 ± 2.90 h) was remarkably longer than other two conventional cultivars, which is likely due to the higher O/L ratio. Similar to the induction time, the K-Ol cultivar was found to be the highest oxidative stability, evidenced by low AV, POV, and p-AV, suggesting that the K-Ol cultivar produces better oil quality. In parallel with oxidative stability, the K-Ol showed the lowest total polar materials (TPM) compared to that of the conventional cultivars although there was no significant alteration of TPM among the groups (Table 2) . TPM is used not only as an indicator of frying oil quality but also as to determine lipid oxidation stability as oxidative lipid degradation increases contents polar constituents in oils [11] . These findings suggest that K-Ol cultivar derived oil represents better oxidative stability compared to the other conventional cultivar oils. However, further investigations are required regarding time-course effects of storage conditions on the quality of these oils and potential industrial applications of this cultivar.
E-nose and e-tongue systems were applied to characterize sensory attributes of the peanut oils. The e-nose Table 1 Fatty acid composition, tocopherol contents, and radical scavenging capacity in peanut cultivars Not detected fatty acids in this study are not shown 1 The ratio was calculated using quantifications of C18:1n9cis
(oleic acid) and C18:2n6cis
Appl Biol Chem (2017) 60(6):653-657 655 could be a useful tool to analyze the progress of oxidation of vegetable oils due to its ability to distinguish fresh oil from rancid oil [12, 13] . Table 3 summarizes results of the e-nose analysis: the relative flavor parameters of peanut oils, classified as fragrance, strength, NH 3 , and H 2 S as described in our previous report [14] . Favorless state was used as a reference standard to calculate the relative flavor parameters. The K-Ol peanut oil showed the highest fragrance value among the cultivars, suggesting ''fresher'' flavor intensity than other cultivars. Further, the K-Ol cultivar represented the lowest value of strength that is responsible for heavy volatiles causing ''bad smell.'' NH 3 , representing production of ammonia level, was significantly higher in the K-Ol cultivar compared to the other two, and sulfur compound-related flavor that can be produced after the production of primary oxidation was detected by H 2 S sensor. There was no significant difference in the H 2 S level among the groups. Overall, based on the e-nose analysis using four different sensors, the K-Ol is likely to represent the freshest flavor property among the AV acid value, p-AV para-anisidine value, POV peroxide value, TPM total polar materials tested oils even though the K-Ol showed the highest NH 3 level. Lastly, seven different signals from the e-tongue were perceived and the taste scores were illustrated in a radar plot. As shown, there were significant differences in sourness, metallic, spiciness, and bitterness among the cultivars (Fig. 1) . Of note, the taste scores of K-Ol measured by e-tongue were fairly distributed in all tastes compared to conventional cultivars. Daekwang cultivar represented the highest values in sourness, saltiness, and umami, but metallic, spiciness, sweetness, while bitterness was the lowest. In contrast to the Daekwang cultivar, the Jopyung cultivar showed the highest values in metallic, spiciness, sweetness, and bitterness, but it had the lowest in sourness and umami among the groups. Considering that human sensory analyses can be influenced by multiple environmental factors (e.g., individual's mood or health), the e-nose and e-tongue are often considered more reliable than human sensory system [15] ; further, in our study, these systems were calibrated for each batch of samples for consistency which may not be always possible for human sensory tests. Moreover, samples that are not suitable to apply to human subjects (e.g., toxicity issue) can be subjected to these instruments. The e-nose and e-tongue, however, are also limited in that they are not able to reflect an overall preference or acceptability (e.g., color or flavor acceptability). These results will provide scientific background to carry out further sensory descriptive analysis with trained panellists to examine how these cultivars or cooking procedures result in different sensory preferences. Collectively, physicochemical properties and sensory attributes of the peanut oil derived from the K-Ol cultivar were comprehensively analyzed and then compared to those of conventional peanut oil cultivars. Major findings in physicochemical properties of the K-Ol cultivar are (1) remarkably higher O/L ratio, (2) superior oxidative stability, and (3) lower total tocopherol contents and antioxidant capacity compared to conventional cultivars. In addition, the K-Ol cultivar showed a notably higher level of NH 3 among the cultivars, as demonstrated by the e-nose analysis. Last, the taste scores of K-Ol measured by e-tongue were fairly distributed to all tastes compared to conventional cultivars. Taken together, this study provides important characterization data of the peanut oil, from the high-oleic peanut cultivar, K-Ol; further investigations are warranted with regard to its potential health benefits as well as industrial applications of this stable edible oil.
